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List of figures Executive summary
Over the past couple of decades, production processes have become increasingly fragmented, and inputs are being purchased in a growing number of countries. In this context, it has become common to speak of offshoring when inputs, corresponding to activities relocated abroad, are sourced from foreign suppliers. Offshoring encompasses both manufacturing and service activities. A typical example for the former is the sourcing of materials from abroad, e.g. parts and components for car assembly.
While offshoring of manufacturing activities has been occurring since very long, offshoring of service activities such as the provision of accounting or call centre services is a more recent phenomenon that has been fostered by the increased tradability of such services.
A major concern regarding the consequences of offshoring is about the labour market position of low-skilled workers. According to the traditional idea underlying offshoring, firms relocate low-skilled intensive stages of production to low-skilled abundant countries, thereby reducing the number of low-skilled workers in their workforce.
Skill upgrading, measured by educational attainment, has been substantial in both manufacturing and market service industries in Belgium. Over the years 1995-2009, the share of workers with primary or lower secondary education has fallen from 53% to 31% in the former and from 36% to 22% in the latter.
Besides that, there is also evidence of increased offshoring where this is measured as the share of intermediates sourced from abroad. It is overall business services offshoring as well as materials offshoring to CEE (Central and Eastern European) and Asian countries that have been increasing at the fastest pace. This paper provides evidence on the impact of offshoring on the skill structure of employment in Belgium between 1995 and 2007.
According to the estimation results, offshoring has a significant and sizeable effect on the skill composition of employment in manufacturing industries, whereas no robust conclusions regarding this impact can be drawn for market service industries. In manufacturing industries, the contribution of offshoring to the fall in the employment share of low-skilled workers amounted to roughly 35% between 1995 and 2007, largely exceeding the contribution of technological change (17%). The contribution of offshoring mainly came from materials offshoring to CEE countries (21%). Business services offshoring accounted for 8% of the fall in the employment share of low-skilled workers. Moreover, in manufacturing industries with a higher ICT capital intensity this impact of offshoring on the low-skilled employment share is smaller. This finding also implies that even if ICT capital facilitates or even fosters offshoring, especially of business services, this does not lead to faster skill upgrading in industries with a high ICT capital intensity.
Synthèse
Aux cours des deux dernières décennies, les entreprises ont profondément modifié leurs processus de production en les divisant dans un nombre croissant d'activités distinctes et en multipliant le nombre pays d'approvisionnement de leurs inputs. Dans ce contexte, on parle de délocalisation lorsque les inputs dans le processus de production générés par une activité sont achetés auprès de fournisseurs étrangers. Cela concerne aussi bien des activités manufacturières que des activités de services. Un exemple classique pour le premier cas est l'importation de composants pour l'assemblage automobile.
Alors que des activités manufacturières sont délocalisées depuis longtemps, les délocalisations Selon les résultats économétriques, les délocalisations ont un impact significatif sur la structure de l'emploi par niveau de qualification dans l'industrie manufacturière, tandis que dans les services marchands les estimations ne permettent pas de tirer de conclusions stables sur cet impact. Dans l'industrie manufacturière, la contribution des délocalisations à la baisse de la part des travailleurs peu 
Introduction
Over the past couple of decades, production processes have become increasingly fragmented: they are divided into ever smaller parts considered as separate activities, which are then spread over various locations in different countries. Hence, inputs into the production process are sourced not only from local but also from foreign suppliers. The latter mode of sourcing is commonly referred to as offshoring. It encompasses both manufacturing and service activities. A typical example for the former is the sourcing of materials from abroad, e.g. parts and components for car assembly. While the offshoring of manufacturing activities has been occurring since very long, the offshoring of service activities such as the provision of accounting or call centre services is a more recent phenomenon that has been fostered by the increased tradability of such services.
One of the main concerns in developed countries regarding the consequences of offshoring is about the worsening of the labour market position of low-skilled workers. Indeed, according to the traditional idea underlying offshoring, firms shift low-skilled intensive stages of production to low-skilled abundant countries, thereby influencing the within-industry skill composition of labour demand. In other words, just like technological change, offshoring is generally believed to be skill-biased, shifting labour demand from low-skilled to high-skilled workers.
The issue of the changes in the skill structure of labour demand induced by offshoring has generally been addressed at the industry-level within the framework of a flexible cost function from which a system of cost or employment share equations by skill level is derived. Early papers for the US (in particular Hanson, 1996 and as well as subsequent ones for European countries (e.g. -Kahn, 2003, for France; Hijzen et al., 2005 , for the UK; Ekholm and Hakkala, 2006, for Sweden) have found that offshoring harms the relative position of low-skilled workers. Moreover, it is offshoring to low-wage countries in particular that leads to a worsening of the labour market position of low-skilled workers (Anderton and Brenton, 1999; Egger and Egger, 2003; Hsieh and Woo, 2005; Dumont, 2006; Geishecker, 2006) .
Strauss
The aim of this paper is to address the issue of the impact of offshoring on the skill structure of labour demand for Belgium. Measuring skills by educational attainment, industry-level data show that there has been considerable skill upgrading of employment in both manufacturing and market services in Belgium over the past 15 years. Besides that, there is also industry-level evidence for Belgium of increased offshoring where this is measured as the share of imported intermediates in total non-energy inputs. In order to determine to what extent offshoring has influenced the skill structure of labour demand in Belgium, we estimate an employment share equation for the low-skilled that includes offshoring and is derived from a translog cost function. Filling a gap in the existing literature, we take not only materials offshoring, but also business services offshoring into account. Moreover, while previous papers have focused exclusively on manufacturing industries, we extend the analysis to market services industries. In the econometric analysis, technological change is controlled for through the inclusion of the R&D intensity and a split of the capital stock into ICT and non-ICT capital. Last but not least, we investigate whether the impact of offshoring on the employment share of low-skilled workers differs between industries according to the technological content of their activity.
The core of this paper is divided into four chapters. The relevant empirical literature is reviewed in Chapter 2, while Chapter 3 contains stylised facts regarding skill upgrading and offshoring in Belgium.
In Chapter 4, the model, the estimation strategy and the results are presented. Finally, concluding remarks are made in Chapter 5.
Relevant empirical literature
Within the vast body of academic literature on the consequences of globalisation for developed economies, a growing number of contributions have been looking specifically at offshoring measured by the share of imported intermediates in total intermediates. Among the possible consequences, the impact of offshoring on the skill structure of labour demand has been a major issue. It has become standard to investigate this issue within the framework of a flexible cost function -mostly translogfrom which expressions for the input cost shares or factor demand shares are derived. Estimations of these expressions are almost exclusively based on industry-level data. Feenstra and Hanson (1996) are the first to measure offshoring by the share of imported intermediates in total intermediates and to consider explicitly its impact on low-skilled and high-skilled labour proxied by production and non-production workers. Although they do not refer to a cost function, their approach is comparable as they regress the average annual growth in the wage share of non-production workers on that of materials offshoring plus controls for 435 US manufacturing industries. They find that offshoring has a significant positive impact for the period [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] . A subsequent paper by the same authors - Feenstra and Hanson (1999) -distinguishes between narrow and broad offshoring 1 and extends the framework to include several alternative specifications of high-tech and computer capital. This lowers the contribution of materials offshoring to the rise in the non-production workers' wage share considerably.
In the wake of these two studies for the US, several papers have analysed this issue for -mostly largeEuropean economies. Most of these papers explicitly define a cost function framework. Anderton and Brenton (1999) look at the effect of offshoring to low-wage countries on the wage bill and employment share of manual workers in six textile and five non-electrical machinery industries in the UK for the years 1970-1986. Their estimations in first differences indicate that this effect is negative. 2 Falk and Koebel (2002) specify a Box-Cox cost function from which they derive a system of seven variable input demands including imported materials and three skill levels for labour measured by educational attainment. Estimating the parameters of this system with non-linear SUR (seemingly unrelated regression) for 26 German manufacturing industries over [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] , they find that the cross-price elasticities of the three skill levels with respect to imported materials are non-significant. However, in one of their specifications the elasticity of the demand for unskilled labour with respect to the volume of imported materials is significant negative. For France, Strauss-Kahn (2003) examines the impact of materials offshoring on the employment share of low-skilled workers in 50 manufacturing industries between 1977 and 1993. The distinction between high-skilled and low-skilled is defined in terms of occupations.
Her estimation strategy is based on annual average changes just like in Feenstra and Hanson (1996) .
The results point to a significant negative impact of narrow offshoring to both OECD and non-OECD countries on the low-skilled employment share.
1
For broad offshoring, all imports of intermediates are taken into account for each industry, while for narrow offshoring, only intermediates from the same industry are considered.
2
It is, however, not entirely clear in this paper whether the authors replicate the standard offshoring measure of Feenstra and Hanson (1996) or just use total imports for the products corresponding to the industries in the sample.
The fall of the iron curtain leads to an increased focus on offshoring to Central and Eastern European countries (CEEC). Egger and Egger (2003) Firm-level evidence on the impact of offshoring on the skill structure of labour demand is scarce. Head and Ries (2002) investigate the issue for what they call "offshore production" with a firm-level dataset for Japan. They define offshore production as the share of employment in foreign affiliates and find that it raises a firm's share of non production workers. Nonetheless, this offshoring measure is different from the one based on imported intermediates. Using data for French manufacturing firms, Biscourp and Kramarz (2007) distinguish between imports of finished goods defined as goods that belong to same classification code as the importing firm, and imports of intermediate inputs that include all other goods imported by the firm. In line with the idea of narrow offshoring, they consider the share of imports of finished goods in total sales as an indicator of offshoring, and find that it has a significant negative effect on the share of production workers. Mion et al. (2010) replicate this measure with Belgian firm-level data. But it turns out that its impact on the skill intensity measured in terms of both occupations and educational attainment is either small or non-significant.
To sum up, several salient features of this literature should be highlighted. First, mostly large economies have been examined. Second, there has been an exclusive focus on the manufacturing sector, while service industries have not yet been analysed. Third, analogous to the previous point, the offshoring of business services has been largely neglected in this literature. Finally, in terms of the results, the large consensus regarding the negative impact of offshoring on the demand for low-skilled labour stands out, especially for offshoring to low-wage countries.
Stylised facts
The stylised facts presented in this chapter illustrate trends in employment by skill level and in offshoring intensities. The industry-level data presented here cover 103 industries, which are listed in Appendix 2. A systematic split is made between manufacturing including construction (63 industries) and market services (40 industries). Data sources are indicated in Appendix 3.
Skill upgrading
In Belgium, like in other European countries, there has been considerable skill upgrading of employment in terms of educational attainment over the past 15 years. Graph 1 shows that this upgrading has occurred in both manufacturing and market service industries over the period 1995-2009. Distinguishing three levels of educational attainment, it can be seen that the share of workers with 'tertiary long' and 'tertiary short and higher secondary' education has increased at the expense of workers with 'primary and lower secondary' education. We will henceforth refer to the latter as low-skilled workers.
The analysis that follows will be mainly focused on their labour market position. The other levels of educational attainment are grouped together in one category referred to as high-skilled workers.
3
Between 1995 and 2009, the share of low-skilled workers has fallen from 53% to 31% in manufacturing and from 36% to 22% in market services. Table 1 highlights that not only the share of low-skilled workers decreased dramatically, but also their absolute number. Between 1995 and 2009, employment of low-skilled workers in Belgian manufacturing dropped by more than 45% from 487 000 to 261 000. This fall was partially offset by an increase in high-skilled workers. Overall, manufacturing employment decreased by 10%, from 926 000 to 830 000. In market services, the fall in low-skilled employment was also substantial, but relatively less than in manufacturing (-22% between 1995 and 2009 , from 738 000 to 574 000), and it was more than 3
Despite the large differences in educational attainment within this second category, we have chosen to use the term high-skilled workers. (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) 
Graph 1 Employment shares by skill level

Market services
Primary and lower secondary Higher secondary and tertiary short Tertiary long compensated for by a rise in high-skilled workers, resulting in an increase in total employment by 29%, from 2 032 000 to 2 617 000. Comparing the two sub-periods 1995-2002 and 2002-2009 in Following Berman et al. (1994) , the change in the aggregate share of low-skilled workers (∆ can be decomposed into two components:
.., n industries; is the share of low-skilled workers in employment of industry i, is the share of employment of industry i in total employment, and a bar over a term denotes a mean over time. The first term on the right-hand side is the between industries component; the second term is the within industries component. Table 2 presents the results of the decomposition specified above for the period 1995-2007. Decomposing separately for manufacturing and market services shows that the fall in the overall employment share of low-skilled workers overwhelmingly occurred within industries in both sectors. In other words, between 1995 and 2007, shifts of employment away from industries with high shares of low-skilled workers (the between component) made almost no contribution to the observed overall skill upgrading. This finding is in line with empirical evidence for many other OECD-countries. According to the bottom row of Table 2 , the between component is higher in a common decomposition for all 103 industries, which reflects the fact that part of the skill upgrading is due to a shift of activities from manufacturing to market services. However, within industry skill upgrading still largely dominates.
4
This matches the period covered by the econometric analysis in chapter 4. Second, it proves interesting to compare changes in the employment share of the low-skilled with changes in their wage bill share. Between 1995 and 2007, the wage bill share of low-skilled workers in both manufacturing and market services fell by roughly 40%. Decomposing this change shows that in manufacturing about 90% was due to a decrease in relative employment of low-skilled workers and only 10% can be attributed to a fall in relative wages. In market services, the share of the fall due to a decrease in relative low-skilled employment was smaller but still above 70%. These shares reflect that Belgium, like other continental European countries, has a less flexible labour market than for instance the US or the UK.
Offshoring
The scarcity of direct evidence regarding the transfer abroad of economic activities has prompted most authors in the field of offshoring to make use of the indirect measure suggested in Feenstra and Hanson (1996) . 5 It consists in measuring the industry-level intensity of offshoring by the share of imported intermediates in total non-energy inputs. 6 A distinction can be made according to the type of intermediates that are sourced from abroad. It can be parts and components entering manufacturing processes, e.g. integrated electronic circuits used in computer assembly or lenses used in the production of optical instruments. When such materials are sourced from abroad, we call this materials offshoring. But offshoring may also concern business services, which encompass amongst others bookkeeping services, and I for total non-energy inputs, i is the industry index, m the index for materials and s the index for business services. The shortcomings of this indirect measure are summarised in Michel and Rycx (2012, p.230) : "..., it ignores cases of offshoring that do not give rise to imports and includes imports that are not due to offshoring. Moreover, focusing on intermediates implies leaving out cases where the final stage of the production process is offshored." Nonetheless, in the absence of direct evidence on the transfer abroad of economic activities, it can reasonably be taken to be the best indirect measure of offshoring.
These offshoring intensities can be computed from input-output tables (IOT) or supply-and-use tables (SUT) and more specifically from the use In line with the initial approach in Feenstra and Hanson (1996) , some authors, e.g. Egger and Egger (2003) or Ekholm and Hakkala (2006) , compute the offshoring intensity for industry i by multiplying the amount of intermediates of each product by the share of imports in total supply for that product. This so-called 'proportional method' is applied when use tables of imports are not available.
8
These tables are deflated using a separate price index for imports and domestic production for each product. Standard Classification of Products by Activity in the European Community (CPA2002 version).
10
The data on the geographic distribution of imports come from Intrastat and Extrastat for goods (the 8-digit Combined Nomenclature data are aggregated to the level of the product classification in our SUT) and from the balance of payments for services (categories 'Computer and information services' (7) and 'Miscellaneous business, professional and technical services' (9.3)).
11
Austria, Australia, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxemburg, the Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, the UK and the US. These countries plus Turkey were the OECD member states by the middle of the 1970's.
12
Bulgaria, the Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, the Slovak Republic and Slovenia. 13 China, Hong Kong, India, Indonesia, Malaysia, the Philippines, Singapore, South Korea, Thailand and Taiwan.
Trends in offshoring are shown in Table 3 The possibility of computing volume measures of offshoring is particularly important since value measures tend to underestimate the extent of offshoring. Indeed, activities are generally being offshored in order to make cost savings, i.e. because imported intermediates are cheaper than domestically produced intermediates. Then, the growth in the offshoring intensity in value terms can be expected to be biased downwards. This is exactly what we find when computing offshoring intensities in current and constant prices from the corresponding SUT as illustrated by their average growth rates shown in Table 4 . 
Model specification
In line with most empirical literature in this field, we specify a model based on the translog cost function to analyse the impact of offshoring on the skill structure of labour demand. Translog cost functions are frequently used for empirical analyses. Belonging to the category of flexible functional forms, one attractive feature of the translog cost function is that it puts no a priori restrictions on elasticities. Instead of estimating the translog cost function directly, it is more convenient to estimate a system of cost share equations derived from it.
The translog cost function is presented in its most general form in Appendix 1. The model estimated below departs in a number of ways from the general outline given in equation (A.4) in Appendix 1.
First of all, on the left-hand side, we replace cost shares by employment shares. As argued above, Belgium has, like other continental European countries, a rather rigid labour market compared with the UK or the US. Hence, the deterioration of the relative position of low-skilled workers is primarily reflected in the structure of (un)employment and less by a growing wage gap between low-skilled and higher-skilled workers. Therefore, it is not surprising that employment share specifications are also the preferred model choice for France in Strauss-Kahn (2003) and for Austria in Egger and Egger (2003) . 14 Moreover, replacing wage bill shares by employment shares reduces the potential endogeneity problem 15 stemming from the presence of wages on the right-hand side of the system of equations. In the case of a cost share model, endogeneity is highly likely given the relationship between the dependent variable, i.e. the cost share of labour, and the (relative) wage term. 16 But even in an employment share model, there is a potential problem of simultaneity between the employment share and the relative wage. Finally, contrary to cost share specifications, employment share specifications are based on labour expressed in numbers of persons or hours worked 17 and hence they necessarily exclude input factors other than labour.
As in most other studies, capital is taken to be a quasi-fixed factor. By treating capital as exogenous in the short-term, we assume that adjustment costs exist and prevent capital to attain its long-term equilibrium level. In line with theory, we include the capital stock rather than capital-intensity. 18 Furthermore, the capital stock is split into ICT and non-ICT capital (see Table 13 on data sources in Appendix 3).
We extend the standard translog cost framework by including two types of demand shifters. The first is offshoring, both materials and business services offshoring. Furthermore, we include the R&D inten-
14
It has also been tested as an alternative specification or robustness check by other authors, e.g. Anderton and Brenton (1999) , Hijzen et al. (2005) and Ekholm and Hakkala (2006) .
15
Endogeneity leads to inconsistent estimators. 16 However, in a test with data for Germany, Geishecker (2006) fails to reject the exogeneity of the relative wage in a regression for the cost share of low-skilled workers.
17
Hours worked by skill level are not available for Belgium. Hence, just like all other paper in this literature, we use data on the number of persons.
18
In several papers, the capital intensity is used as a regressor instead of capital stock, e.g. Hanson (1996, 1999) , Hsieh and Woo (2005) 
where and denote industry i's employment share of the low-skilled (L) and high-skilled (H) workers, and denote the corresponding industry specific wage rates 20 , Y is value added, K is capital stock, RD is R&D intensity, OM is materials offshoring and OS is business services offshoring.
As explained in Appendix 1, we can now apply, without loss of generality, the symmetry condition . Moreover, a 'well-behaved' cost function should be homogeneous of degree 1 in prices, which imposes restrictions (A.2) given in Appendix 1. Applying all these restrictions to the model above, it follows that:
Given restrictions (3), our model is reduced to one single equation. Adding industry dummies Di and a stochastic error term uit, the specification to be estimated is as follows:
In (4), the impact of materials and business services offshoring on the employment share of low-skilled workers is given by the coefficients and . The own-price elasticities of low-skilled and high-skilled workers can be calculated using the estimated coefficient and the fitted value :
Modelling a set of industry equations implicitly limits the analysis to within industry skill upgrading.
In our case, however, this is not really a limiting factor, as during the period considered here almost all skill upgrading occurred within and not across industries.
19
We explicitly refrain from including variables that may indirectly also account for technological progress such as a time trend. Baltagi and Rich (2005) is an example of the use of the latter for modelling technological progress.
20
The wage rate is expressed here as the wage cost per employee.
Results
In this section, estimation results for equation (4) are discussed. As this implies constraining all β, δ and γ parameters to be the same for all industries, we have split the sample into manufacturing (63 industries) and market services (40 industries) to account for their different nature and production technology. Data sources and descriptive statistics for the variables that have not been discussed in the previous chapter are reported in Appendix 3 (Tables 13 and 14) . 21 A number of studies, e.g. Feenstra and Hanson (1996) , Anderton and Brenton (1999) , Strauss-Kahn (2003) and Egger and Egger (2003) , estimate the model by taking first differences in order to control for industry specific time-invariant effects. However, according to Griliches and Hausman (1986) using first differences tends to exacerbate potential problems of measurement error in the data. For this reason, we prefer to estimate equation (4) in levels by fixed effects, as is also done in Hijzen et al. (2005) and Kratena (2010) . Given that we focus on a single employment share equation our model is closest to that of Geishecker (2006) .
Results for manufacturing a. Impact of total offshoring
For manufacturing, we start by estimating equation (4) by fixed effects (fe). The results are shown in column (a) of Table 6 . R&D intensities are only available at a higher level of aggregation than the other variables. 22 Therefore, standard errors are corrected for clustering in the estimations including the R&D intensity variable so as to avoid the bias discussed in Moulton (1990) .
However, as mentioned earlier, there is a potential endogeneity issue regarding the relative wage as explanatory variable in equation (4) since industry-level wages and employment by skill-level may be determined simultaneously. The same argument may hold for the offshoring intensities, which may be chosen together with the low-skilled employment share thereby leading to an endogeneity problem.
Failure to take these endogeneity problems into account entails inconsistent coefficient estimates for all variables. This is traditionally addressed through instrumental variable regression even though the estimation becomes less efficient. 23 We instrument the relative wage and the offshoring intensities using their one-year and two-year lags. As a first step, we conduct separate endogeneity tests for these variables. 24 The results are reported in Table 5 . The null hypothesis of exogeneity is only rejected for the relative wage. Hence, we estimate equation (4) by two-stage least squares (2sls) with fixed effects instrumenting the relative wage by its one-year and two-year lags while taking the offshoring intensities 21 We have also added descriptive statistics for the dependent variable, i.e. the low-skilled employment share, so as to show the variation for the period covered by the estimations (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) .
22
The R&D-intensity is defined as the industry-level R&D stock divided by output. Its level of aggregation is 2-digit Nace Rev.1.1 (16 industries for manufacturing) instead of the more detailed SUT classification in the Appendix.
23
The stata module xtivreg2 (Schaffer, 2010 ) is used for all instrumental variables and GMM regressions in this paper. For more details on this module, see Baum et al. (2003 and .
24
It is in fact an exogeneity test, i.e. "under the null hypothesis the specified endogenous regressor can actually be treated as exogenous" (Baum et al., 2007, p.482) . The test reported in Table 5 is equivalent to a C or GMM distance test where the test statistic is distributed as a χ 2 with a number of degrees of freedom equal to the number of potentially endogenous regressors, and, with homoskedastic errors, it is identical to the Wu-Hausman F-test for endogeneity (Baum et al., 2003, pp.23-25) . In our case, it is necessary to account for clustered standard errors due to the higher level of aggregation of the R&D intensity variable.
as exogenous. The main change compared with the fixed effects regression occurs for the instrumented variable (see columns (a) and (b) of Table 6 ). Furthermore, we have also estimated this model with endogenous relative wage by generalised method of moments (gmm). 25 The differences in the results (reported in column (a) of Appendix 4 Table 15 ) compared with the 2sls estimation are very small in terms of both magnitude and significance of the coefficients. (Schaffer, 2010) According to the results of the 2sls regression in column (b) of Table 6 , both materials and business services offshoring have a statistically significant negative impact on the employment share of low-skilled workers, i.e. they contribute to reducing the relative demand for low-skilled labour in a setting where relative wage trends and skill-biased technological change are controlled for. Regarding the relative wage in this specification, its negative and significant coefficient is broadly in line with what may be expected based on theory and empirical results for other countries. Own-price elasticities for low-skilled and higher-skilled workers calculated according to (5) based on estimates in Table 6 are reported in Appendix 4 Table 16 . 26 Both are negative and strongly significant (column (b) of Table 16 ).
Furthermore, neither of the two variables measuring skill-biased technological change (the R&D intensity 27 and the ICT capital stock) has a significant impact on the low-skilled employment share 28 , whereas the non-ICT capital stock has a strongly significant negative impact. Our interpretation of this finding is that it is investment in specialised machinery and equipment for manufacturing rather than investment in computers and other ICT-equipment that puts pressure on low-skilled employment in manufacturing. 29 Finally, we find no effect of value added on the low-skilled employment share.
Contributions to the change in the low-skilled employment share can be calculated for the offshoring intensities and the non-ICT capital stock based on their coefficients in column (b). Materials offshoring and business services offshoring rise by respectively 2.65 and 1.23 percentage points between 1995 and 2007, accounting for respectively 2% and 10% of the fall in the low-skilled employment share during that period. The contribution of the increase in the non-ICT capital stock to the observed fall in the low-skilled employment share amounts to 24% between 1995 and 2007.
25
As explained in Baum et al. (2003, p.11) , estimation by gmm is generally more efficient than 2sls estimation due to the use of the optimal weighting matrix. However, the estimation of this matrix requires a large sample size and the properties of the gmm estimator may therefore be poor in small samples, notably leading to over-rejection of the null hypothesis in Wald tests.
26
The values and standard errors of the elasticities reported in Appendix 4 Table 16 are based on the fitted employment shares for the last year of the dataset (i.e. 2007). The columns of Table 16 correspond to those of Table 6 .
27
The p-value of the R&D intensity amounts to 0.11 for the estimation in column (b). Without the cluster correction, it would be significant at the 5%-level. However, it should be noted that in our case the R&D intensity would contribute to raising the low-skilled employment share given the overall fall in the R&D intensity in manufacturing between 1995 and 2007 (see Appendix 3 Table 14) . But this would be smaller than 0.5%. Moreover, we have also tested alternative calculations of the R&D intensity, but the coefficient remains non-significant.
28
The two variables are not jointly significant either: the p-value of a joint Wald test for the R&D intensity and the ICT capital stock is 0.1719.
29
This runs counter to the findings for US manufacturing in the 1980's reported in Feenstra and Hanson (1999) . We have produced three extensions to the analysis of the specification with the total offshoring intensities. All three imply 2sls regressions with fixed effects using one-year and two-year lags as instruments for the relative wage and results are reported in columns (c) -(e) of Table 6 . 30 First, given the differences in the growth rates of the offshoring intensities in value and volume terms shown in Table 4 , we estimate equation (4) replacing the offshoring intensities in constant prices by their current price counterparts. This is of particular interest as most of the papers reviewed in section 2 30
Own-price elasticities for high-skilled and low-skilled labour for these regressions can be found in columns (c) -(e) of Appendix 4 Table 16 . They are very close in terms of size to those for the standard specification in column (b). To complete the results, we have also run gmm estimations for the specifications in columns (c) -(e) of Table 6 (see columns (b) -(d) of Appendix 4 Table 15 ). There are no substantial differences compared with the 2sls estimations.
use non-deflated SUT or IOT to compute the offshoring intensities that enter into the estimated equations. 31 The results are reported in column (c) of Table 6 . Comparing them with results in column (b) shows that using current price offshoring intensities leads to an underestimation of the impact on the low-skilled employment share. The coefficients for both materials and business services offshoring are smaller in current prices than in constant prices and the one for materials offshoring even becomes non-significant in current prices. Moreover, the R 2 of the estimation with current price offshoring intensities is lower. This confirms the theoretical belief that deflated SUT should be preferred for computing the offshoring intensities.
Second, in order to enhance our understanding of the relationship between offshoring and the technological content of the activities of an industry, we test for differences in the impact of offshoring on low-skilled employment between high-tech and low-tech industries. In high-tech industries, production processes are less standardised, have a higher knowledge content and require more sophisticated inputs, which makes offshoring more difficult and less profitable -especially for very specific materials inputs. As a consequence, the impact of offshoring on the low-skilled employment share may be ex- (4) with interaction terms between the high-tech dummy and respectively materials and business services offshoring confirms the reasoning above (column (d) in Table 6 ). For both materials and business services offshoring, the coefficients of the offshoring variable and the respective interaction term with the high-tech dummy are individually and jointly significant. 33 Materials offshoring has a stronger impact in low-tech industries (-0.234), and its coefficient for high-tech industries (0.058) is not significant. In low-tech industries, the contribution to the fall in the employment share of low-skilled workers is close to 5% for the average increase in materials offshoring in these industries. Business services offshoring has a significant negative effect on the low-skilled employment share in both low-tech and high-tech industries. The effect is again weaker in the latter (-1.048 compared with -2.093), but, due to the difference in the average increase in business services offshoring, the contribution to the fall in the low-skilled employment share amounts to approximately 10% for both. 34 Third, instead of interacting the offshoring intensities with a rough and arbitrarily defined high-tech dummy, we interact materials and business services offshoring with the ICT capital intensity (ICT_VA) measured as the ICT capital stock normalised by value added. The expected effect of including these interaction terms into equation (4) We have also interacted the R&D intensity with the high-tech dummy, but this did not produce significant results.
hand, the ICT capital intensity may be seen as an alternative indicator of the technological content of an industry's activity and the same reasoning as for the distinction between high-tech and low-tech industries should hold, i.e. offshoring is more difficult to put into practice in industries with a higher ICT capital intensity and, as a consequence, the impact of offshoring on the low-skilled employment share is expected to be weaker in these industries. On the other hand, ICT capital is a potential driver for offshoring decisions, especially for business services that have become tradable through developments in information and communication technology. Indeed, ICT capital enables business services offshoring, and, in general, makes it easier to coordinate activities in different locations. Hence, if ICT capital promotes offshoring, then we would expect the negative impact of offshoring on the low-skilled employment share to be stronger in industries with a higher ICT capital intensity. The results of the estimation of equation (4) with these interaction terms are reported in column (e) of Table 6 . For both materials and business services offshoring, the coefficients of the offshoring variable and the respective interaction term with the capital intensity are jointly significant. 35 The results show that for materials offshoring it is the former of the two described effects that dominates since the impact of the materials offshoring intensity on the employment share of low-skilled workers is greater for industries with a lower ICT capital intensity. For business services offshoring, there is no significant difference in the impact on the low-skilled employment share between industries with high and low ICT-capital intensities as the interaction term is not individually significant. As the impact of materials offshoring varies significantly according to the ICT capital intensity, we have also computed the interval of contributions (for the average absolute change in materials offshoring) between the last and the first decile of the ICT capital intensity distribution (p90 and p10 since the impact of OM decreases with ICT_VA). It extends over [1.9%; 2.6%].
b. Impact of regional offshoring intensities
The possibility of splitting the offshoring intensities by region has been discussed above. We include regional offshoring intensities for materials offshoring in equation (4). 37 A first estimation is done by fixed effects (fe). Results are presented in column (a) of Table 8 . We also test for endogeneity of the regional materials offshoring intensities -separately for each of the regional variables using their one-year and two-year lags as instruments. According to the results for the tests reported in Table 7, none of them is endogenous. Hence, we only instrument for the relative wage and estimate the model by 2sls with fixed effects (column (b) of Table 8 ). As before, the main difference compared with the fixed effects estimation concerns the relative wage. 38 However, there is also a noteworthy fall in the coefficient of materials offshoring to CEE countries. Finally, the gmm-estimation results in column (c)
are very similar to the 2sls-estimation results. Source: own calculations Remarks: GMM distance test based on one-year and two-year lags of potentially endogenous regressor; clustered standard errors; H0: regressor can be treated as exogenous; computed with xtivreg2 (Schaffer, 2010) .
According to the results in column (b) of Table 8 , materials offshoring to CEE and Asian countries as well as to the rest of the world (OTHER) has a significant negative impact on the low-skilled employment share, whereas materials offshoring to OECD countries does not influence this share. In other words, it is mainly offshoring to the typical offshoring destinations in Central and Eastern Europe and Asia that affects the relative demand for low-skilled workers. Moreover, comparing these results with the previous ones obtained with total materials offshoring, it stands out that composition matters for the magnitude of the impact of materials offshoring. Aggregating offshoring to CEE and Asian countries with offshoring OECD countries contributes to masking the real size of their effect. Regarding the coefficients for the other variables, those for the relative wage, the non-ICT capital stock and services offshoring are negative significant as in the specification with total materials offshoring in Table 6 (column (b)). The main change in these coefficients is that the impact of the latter two variables has become smaller (in absolute value).
As previously, contributions to the overall fall in the employment share of low-skilled workers can be calculated. For the three significant regional materials offshoring intensities -to CEEC, ASIA and OTHER -they amount to respectively 21%, 2% and 4%. Hence, the total contribution of materials offshoring is 27%. Given the 8% contribution of business services offshoring in this specification, the overall fall in the low-skilled employment share that is due to offshoring adds up to 35%. The accumulation of non-ICT capital accounts for a contribution of 17% to this fall. The difference with the 37 We have included offshoring intensities for the three above-mentioned regions as well as the rest of the world (OTHER) in the equation. Moreover, we have decided not to split business services offshoring by region since it is almost entirely limited to the OECD region.
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The own-price elasticities for low-skilled and high-skilled labour are very close to those reported in Appendix 4 Table 16 and all significant at the 1%-level: respectively -0.785 (standard error = 0.264) and -0.407 (0.132) for the fe estimation, and respectively -1.387 (0.167) and -0.697 (0.0767) for the 2sls estimation.
contributions in the specification with total materials offshoring is striking. The contribution of offshoring is now three times as big and is no longer driven by business services offshoring, but by materials offshoring -overall and to CEE countries in particular. (Schaffer, 2010) ); Hansen J stat and p-value: test of validity of over-identifying restrictions (H 0 : overidentifying restrictions valid); reported significance levels: * p<0.1, ** p<0.05, *** p<0.01.
Results for market services
The estimation strategy for market services mirrors the one for manufacturing. We start by estimating equation (4) by fixed effects (fe). Again, the higher level of aggregation of the R&D intensity variable requires a correction of the standard errors for clustering. Since there are only six industry groups in the higher level of aggregation, this correction imposes a rather strong penalty. In particular, testing for endogeneity and instrumenting for endogenous variables -as described above for manufacturing -is only possible by partialling out several explanatory variables and results become less trustworthy.
Moreover, the coefficient of the R&D intensity is non-significant. Given this result and the absence of more disaggregated data on R&D intensities in market services, we prefer to exclude the R&D intensity variable from the estimation and avoid the correction for clustering. 39
Results of a fixed effects estimation of equation (4) without the R&D intensity can be found in column (a) of Table 10 . According to the endogeneity tests in Table 9 , the offshoring intensities can be treated as exogenous, while the relative wage is endogenous. Using one-year and two-year lags as instruments for the relative wage, we estimate the same specification by 2sls and report results in column (b) of Table 10 . Neither materials nor business services offshoring has a significant impact on the low-skilled employment share, whereas both ICT and non-ICT capital have a significant negative influence. Their respective contributions to the overall fall in this share amount to 21% and 6%. Moreover, the coefficient of value added is positive significant. The last column of Table 10 contains results for the corresponding gmm estimation. (Schaffer, 2010) However, two further results cast doubt on the relevance of this specification. First, the significant positive effect of the relative wage runs counter to expectations based on intuition and theory. 40 Second, the Hansen J-test strongly rejects the validity of the over-identifying restrictions. This leads us to believe that the model in this form is not appropriate for explaining changes in the low-skilled employment share in the market services sector. 41
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As alternative means of taking technological progress into account while avoiding the correction for clustering, we have tested specifications with respectively a linear time trend and the overall R&D intensity for market services (which is basically equivalent to introducing time dummies) instead of the industry-level R&D intensity. According to the results of the respective estimations (available from the authors upon request), the time trend as well as the total R&D intensity have a very significant and very strong downward impact on the low-skilled employment share. However, the magnitude of the impact suggests that these variables account for a lot more than just technological progress. Moreover, none of the other explanatory variables is significant in these specifications.
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Note that the own-price elasticities are positive for both high-skilled and low-skilled workers.
41
Estimation of an extended specification, where interaction terms between the ICT capital intensity and respectively materials and business services offshoring are included, does not change the results in a substantial way, i.e. the Hansen J test still strongly rejects the validity of the overidentifying restrictions and an rise in the relative wage contributes to increasing the employment share of low-skilled workers. Moreover, we have refrained from running estimations with materials business services offshoring split by region since both are almost entirely limited to the OECD region. 
Conclusion
Offshoring has become a major element of globalisation. It changes production processes and industrial structures with potentially far-reaching consequences for developed economies. Among these consequences, a major concern for policy makers is that offshoring may be skill-biased. In other words, it may contribute to worsening the labour market position of low-skilled workers, either by putting pressure on their wages or by reducing their relative employment. While Dumont et al. (2012) show that in Belgium offshoring has indeed weakened the bargaining power of low-skilled workers, this paper provides evidence on the impact of offshoring on the skill structure of employment in Belgium over the period 1995-2007. Skill upgrading has been substantial in both manufacturing and market service industries in Belgium.
Over the years 1995-2009, the share of workers with primary or lower secondary education has fallen from 53% to 31% in the former and from 36% to 22% in the latter. Regarding offshoring, three major trends can be identified for Belgium: first, materials offshoring had already reached a high level in 1995 and keeps on growing slowly; second, business services offshoring is only at its beginnings in the wake of service trade liberalisation and communication technology developments, but has started to grow fast; third, it is offshoring to CEE and Asian countries that has been increasing at the fastest pace.
Estimations of the impact of offshoring on skill upgrading in this paper are based on a low-skilled employment share equation that can be derived from a translog cost function. It has been augmented to take into account offshoring -through the share of imported intermediates in total non-energy intermediates -as well as skill-biased technological change -through the R&D intensity and the capital stock variables. According to the results of the estimations for manufacturing, the contribution of offshoring to the fall in the employment share of low-skilled workers amounted to roughly 35% between 1995 and 2007. It largely exceeded the joint contribution of the technological change variables (17%).
The impact of offshoring on the low-skilled employment share mainly came from materials offshoring to CEE countries (contribution of 21%), while offshoring to OECD countries had no effect. Business services offshoring accounted for 8% of the fall in the employment share of low-skilled workers. Hence, these results imply that offshoring has a significant and sizeable effect on the skill composition of employment in manufacturing industries. In this respect, they are an important complement to the previous finding that neither materials nor business services offshoring have had a significant impact on overall industry-level employment in Belgium between 1995 (Michel and Rycx, 2011 .
We have provided three further extensions compared with the existing literature. First, we have shown that a current price offshoring intensity measure underestimates the growth in offshoring, which is consistent with the idea that intermediates sourced from abroad are cheaper than domestically sourced intermediates. As a consequence, the impact of offshoring on the low-skilled employment share is also underestimated when using a current price measure as is done in most of the literature. Second, we have tested whether the impact of offshoring on low-skilled employment differs between high-tech and low-tech industries. It turns out that this impact is smaller in the former. Third, we have repeated this test ordering industries according to their ICT capital intensity. The previous results are confirmed,
i.e. in industries with a higher ICT capital intensity the effect of offshoring on low-skilled employment is smaller. Moreover, this finding also implies that even if ICT capital facilitates or even fosters offshoring, especially of business services, this does not lead to faster skill upgrading in industries with a high ICT capital intensity.
Finally, we have also investigated whether offshoring can explain skill upgrading in market services.
However, the results of our estimations rather contribute to calling into question the validity of the cost function framework for market services. Further research should investigate the issue of the impact of offshoring on low-skilled employment in market services.
Appendix 1 -The translog cost function
Transcendental logarithmic 42 or translog production and cost functions were introduced in the first half of the seventies in a number of papers, e.g. Christensen et al. (1971) and Berndt and Wood (1975) , and have been frequently used in empirical work since then. They belong to the category of the so-called flexible functional forms that were developed in an attempt to impose as little a priori restrictions as possible. 43 More precisely, translog cost functions allow substitution elasticities to be unrestricted -they must not even be constant -and they are nonhomothetic, meaning that cost-minimizing relative input demands may depend on the level of output 44 , hence allowing for U-shaped average cost functions.
Denoting total variable costs C, the prices of N variable input factors Pj and output Y, the general for- In equation (A.1), 1 /2 symmetry conditions ( ) can be imposed without loss of generality. Moreover, a 'well-behaved' cost function should be homogeneous of degree 1 in prices, meaning that a proportional increase in all variable input prices should shift total variable costs by the same proportion. This implies the following restrictions:
Transcendental means non-algebraic and a logarithmic function is one form of non-algebraic function.
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Another popular flexible functional form is the Generalised Leontief function.
44
Implying returns to scale of the dual production function are not constrained a priori, not even constant (see Berndt (1991), p.469-470) . 45 For ease of presentation, time and industry subscripts have been omitted.
According to Shephard's lemma, the cost-minimizing input quantities can be derived by differentiating total costs with respect to the prices of the input factors: As pointed out above, one attractive feature of flexible functional forms like translog cost functions is that they put no a priori restrictions on elasticities. The own price elasticities and cross price elasticities , and the elasticities of substitution are given by the formulas below:
These elasticities are not constant, but differ at every data point. It is common practice to compute them either at the means of the data, or for the first, central or last year of the sample. When computing estimates of these elasticities, fitted cost shares should be used rather than observed cost shares. 47
46
This implies efficiency gains, notably because the number of parameters to be estimated is lower. It is also noteworthy that some authors, e.g. Baltagi and Rich (2005) , simultaneously estimate the cost function and the system of cost share equations. 47 Then, given that the elasticities are nonlinear functions of the estimated parameters, the standard errors of the elasticities must be computed by the 'delta method'. This is done automatically by the command predictnl in Stata. Source: see Table 13 ; own calculations Appendix 4 -GMM estimations and own-price elasticities Remarks: 63 manufacturing industries covered; standard errors with correction for clustering reported in parentheses; gmm: generalised method of moments (estimations with xtivreg2 module in stata (Schaffer, 2010) ); Hansen J stat and p-value: test of validity of over-identifying restrictions (H 0 : overidentifying restrictions valid); reported significance levels: * p<0.1, ** p<0.05, *** p<0.01. Table 6 and fitted values for 2007; standard errors in parentheses calculated with delta method; columns correspond to those in Table 6 ; reported significance levels: * p<0.1, ** p<0.05, *** p<0.01.
Appendix 2 -Industry classification
